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Location: 

Date of 
Construction: 

Northwest Road spanning Little River, two miles south of U.S. Route 20, 
Westfield, Hampden County, Massachusetts 

UTM Coordinates:  18.679940.4666320 
USGS Quadrangle: Blandford, Massachusetts 

1887 

Fabricator:      Berlin Iron Bridge Company, East Berlin, Connecticut 

Present 
Owner: 

Present Use: 

Westfield Department of Public Works 
59 Court Street 
Westfield, Massachusetts 01085 

Vehicular bridge. 
Anticipated date of replacement: 1997. 

Significance:   The Northwest Road Bridge is the second-oldest of four lenticular pony truss 
bridges and the fifth-oldest of seven extant lenticular trusses of all types in the 
Massachusetts Highway Department data base. It is the most typical pony 
truss example of William O. Douglas's first patent, among the three such 
examples in the data base. It is notable for such early features as the tapered 
floor beams, looped-rod floor beam hangers, and the floor-level wind-truss 
struts in every panel-features not commonly found in later lenticular truss 
bridges. The bridge was manufactured by an important late-nineteenth-century 
bridge fabricator, the Berlin Iron Bridge Company, and is a rare surviving 
example of a type of metal truss bridge that was once common in 
Massachusetts. 

Project 
Information: This documentation was initiated as a mitigation measure prior to the 

Federally funded replacement of the Northwest Road Bridge by the 
Massachusetts Highway Department. This documentation was prepared 
between November 1996 and April 1997 by: 

Lola Bennett, Historian 
McGinley Hart & Associates 
Architects and Planners 
77 North Washington Street 
Boston, Massachusetts 02114 

Martin Stupich, Photographer 
25 Mayhew Street 
Dorchester, Massachusetts 02125 
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Site Description 

The Northwest Road Bridge1 carries Northwest Road over Little River, a half-mile east of 
Westfield Mountain, in the City of Westfield, Massachusetts. The bridge is surrounded by 
picturesque, relatively open woods flanking a wide, shallow streambed. The northwest 
section of Westfield, historically known as West Parish or Mundale, is a sparsely populated 
rural community which was, in earlier years, the center of several small industries, including 
powder keg manufacturing, whip manufacturing and marble quarrying. 

Bridge Description 

The Northwest Road Bridge is a single-span, wrought iron, pin-connected lenticular pony 
truss bridge supported by mortared rubble stone abutments. The truss superstructure 
measures 74'-0" long (center-to-center of end pins), 16'-0" wide (out-to-out), and 8'-0" high 
(center-to-center of pins at mid-span). Eacn truss is composed of six panels, with a uniform 
12'-4" panel length. The clear span between abutments is 72 feet, and the clearance from the 
riverbed to the bottom of the floor beams at mid-span is lO'-O". As the word "lenticular" 
suggests, the upper and lower chord segments form mirror parabolic profiles. 

Each segment of the truss upper chords is a built-up, riveted member comprised of two 
7"xl/4" side plates, one 14"x3/16" top plate and four l-3/4"x3/16" angles, connected on the 
underside with lacing and tie plates. Each endpost is built up in a similar manner; each 
originally had a two-piece cast iron cap covering the shared upper/lower chord joint. The date 
"1887" is cast into the raised upper panel of the northwest endpost cap, (and a partially 
obliterated date appears on the raised upper panel of the badly deteriorated northeast endpost 
cap.) The upper pieces of the endpost cap castings are completely missing from the southeast 
and southwest endposts. A horizontal base plate is riveted to the foot of each endpost. The 
lower chord is comprised of paired 1 "x3" eyebars. The upper and lower chords are connected 
with tapered vertical members, or "web posts," consisting of four l-3/4"x3/16" angles with 
lacing. Single loop-welded rod diagonals (1-1/4" diameter) and counters, each provided with 
a turnbuckle, brace the four central panels. The truss members are connected at each upper 
and lower panel point by 3-inch diameter pins secured at each end by 4-inch diameter nuts. 

The floor system includes five built-up, plate girder floor beams, each comprised of a tapered 
1/4-inch thick web plate and paired top and bottom flange angles (3"x2"xl/4"). The beams 
taper from 24" at the center to 12" at the outer suspension points. The floor beams are hung 
from the lower chord pins by U-shaped, 1-1/8" square rod hangers. The hangers loop over the 
pins at each lower chord panel point, pass through notches cut into the flanges of the floor 

1 Apparently, this bridge was never given an official designation, as town/city documents consistently describe 
the structure's location (e.g. "the bridge crossing Little river between the boulevard and West Parish"), rather 
than refer to it by a particular name. The name "Quarry Bridge," presumably coined in a 1921 inspection report 
by the Boston engineering firm Fay, Spofford & Thorndike, and subsequently carried over into Massachusetts 
Highway Department records, makes historical reference to the Westfield Marble and Sandstone Company's 
nearby quarry, although the company did not exist until seven years after the present bridge structure was built. 
The primary name, "Northwest Road Bridge," is the name currently in common usage. 



NORTHWEST ROAD BRIDGE 
(Quarry Bridge) 

HAERNo.MA-142 
(Page 3) 

beams on either side of the web, and are secured underneath each beam with a plate and two 
nuts. Sets of fourteen longitudinal timber stringers (3"xl2"), spaced at 14-inch centers, run 
perpendicular to the floor beams and rest on 4"x4" timber nailers fastened to the tops of the 
floor beams. The stringers support a timber deck, comprised of 8"x2-l/2" transverse wooden 
planks. 

Lateral stiffening of the trusses has been accomplished through the design of the floor system 
as a horizontal wind truss, as outlined in William Douglas's first (1878) patent. The wind- 
truss chords, designed to resist both compression and tension, are the two lines of stiff metal 
struts, comprised of angles and tie plates, which run longitudinally between the floor beams 
along the centerline of each truss. These struts are riveted to the endposts and to angles 
attached to the outer ends of the floor beams. The floor beams themselves form the 
compression members of the wind truss web; the web's tension members are the 1-inch 
diameter lower lateral rods which cross between panel points under the deck and are fastened 
to the floor beams with anchor brackets and nuts. 

According to data compiled by bridge historian Victor Darnell, the configuration, member 
sizes and details of this bridge are fairly typical of the lenticular pony trusses fabricated by the 
Berlin Iron Bridge Company.2 

Repairs and Alterations 

• The original wooden railings have been removed. 
• A modern steel guardrail has been bolted to the inner face of each truss. 
• There are some visible welded repairs to the diagonals and counters of the western truss. 
• The timber stringers and wood plank deck have been replaced numerous times. 
• The northern end panel floor-level struts of both trusses have welded steel reinforcement. 

Historical Context 

Located eight miles west of Springfield, the Town of Westfield was one of the earliest 
settlements in the Connecticut River Valley. The original village was situated in the crook of 
two rivers, the Westfield River (formerly the Agawam) and the Little River. By the middle of 
the nineteenth century, the town was an important stop at the junction of two railroad lines: 
the New .Haven & Northampton Railroad which bisected the town north to south, and the 
Western Railroad (later the Boston & Albany Railroad) which bisected the town east to west. 
The combination of adequate water power and convenient rail transportation created a 
favorable climate for industrial growth in the nineteenth century. By 1906 the town was a 
thriving industrial center, boasting 36 whip manufactories and 23 cigar manufactories.3 

2 Victor Darnell, "Lenticular Bridges from East Berlin, Connecticut," IA: The Journal of the Society for 
Industrial Archeology, vol. 5, no. 1 (1979), pp. 21-24. 
3 Town of Westfield. Mass.. Souvenir 1906 (Westfield. Massachusetts: Westfield Times. 19061. p. 3. 
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Construction of Northwest Road Bridge 

It is not known when the first bridge was constructed at this site, but historic maps of 
Westfield show Northwest Road crossing the Little River as early as 1831.4 Town records 
contain little mention of this crossing, presumably because it was one of the least significant 
of the town's many bridges.5 Northwest Road carried traffic between Russell Road (now U.S. 
Route 20), the Boulevard (now Western Avenue) and the center of West Parish (also known 
as Mundale), but Granville Road, a parallel road about one mile to the east, was a more 
convenient and more heavily travelled route. 

The earliest known written record6 in which this crossing can be identified appears in the 
town's 1863 annual report, as follows: "A good and substantial bridge has been built over 
Little river [sic], near the house ofOrrin Cowles1 in accordance with a contract made by the 
last year's Board of Selectmen, at a cost of two hundred dollars. "8 The next written record for 
the Northwest Road Bridge appeared in the local newspaper 23 years later, when the bridge 
was destroyed by a flood in January 1887: 

The bridge crossing Little River between the boulevard and West Parish, was 
carried off on Monday night. With the opportunity there to obtain the requisite 
material, a permanent structure with stone abutments should be built in the 
spring.9 

No further mention was made of the bridge-or of any inconvenience to travelers-until two 
months later, when the following item appeared in the newspaper: 

A new bridge must be built over Little River on the road leading from the 
boulevard to West Parish. As this is a cross road and comparatively little 
used, a structure of wood will answer the purpose and cost a great deal less 
than iron.10 

4 J.H. Goldthwait, "A Plan of Westfield from the Survey of 1831." 
* Frederick W. Beers's 1870 "Map of Westfield" shows at least 11 river crossings. 
" According to current city officials, the original manuscript town records were either badly damaged in a flood 
or destroyed when the town offices were moved to a new location. 
' The home of Orrin [also Oren] Cowles is identified at this location on a number of nineteenth-century maps. 
According to Eloise Fowler Salmond's 1934 book, Mundale. the West Parish of Westfield. Massachusetts. Oren 
Cowles was a stone mason who owned a portion of the land which would eventually be quarried by the 
Westfield Marble and Sandstone Company, [p.40.] 
8 Annual Report of the Town of Westfield. 1863, n.p. 
9 "The opportunity there to obtain the requisite material" most likely refers to the quarry in proximity to the 
crossing. The fact that the author suggests waiting until spring to rebuild indicates the relative unimportance of 
this bridge to the town. Westfield Times and News-Letter. January 26, 1887, p. 2, col. 3. 
10 Ibid., March 30, 1887, p. 2, col. 4. 
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At the annual town meeting on March 14, 1887, the town voted "to build a bridge across 
Little River at West Parish at a cost not exceeding $2,500."'' The annual report of the town 
selectmen, published in April of that year stated: 

The bridge across Little River in West Parish was carried away by the ice and 
water January 25th, and a new bridge will be required there the coming 
spring; this bridge has been carried off by floods and ice at least four or five 
times within the last twenty-five or thirty years. A bridge eighty feet in length, 
of primitive character, with log abutments, common trestle work in the center, 
has always been an easy prey to the wild currents of the river. Such bridges 
should not be built by the town in the future. They may form a pretty 
foreground to a rustic picture, but for safety, economy and durability they are 
no longer needed. We therefore recommend that an iron bridge be built at this 
place with one span 75 feet in length, with road bed 16 feet in the clear, and 
substructure of stone.12 

By the end of April, the selectmen had contracted with the Berlin Iron Bridge Company of 
Berlin, Connecticut, a company that had already built several bridges in Westfield. A local 
newspaper reported on April 20, 1887: 

The selectmen have contracted with the Berlin bridge company of Conn., to 
build an iron bridge over Little river at West Parish. It is to be 75 feet long, 
one span, with stone abutments.  This will make a substantial structure and 
will be a good deal cheaper in the end than a wooden one.u 

Local records hold no further mention of the Northwest Road Bridge until the town's annual 
report the following year: 

The bridge over Little River in West Parish, for which a specific appropriation 
was made, has been completed, with stone abutments and iron superstructure 
of 75 feet span. The location of this bridge was moved up stream about two 
rods [33 feet], which necessitated a change of the location of the approaches. 
The extra work for this was done by the town team. As newly located we think 
the road much improved and the bridge a permanent structure.™ 

Lenticular Truss Bridges and the Berlin Iron Bridge Company 

The lenticular (lens-shaped) truss is unusual among truss forms, in that it combines features of 
arch, cable and truss structural systems within a single structure. In a lenticular design, the 
outward thrust of the upper chord "arch" is identically countered by the inward pull of the 

11 Ihid., April 6, 1887, p. 2, col. 2. 
12 "Report of Selectmen," in Annual Reports of the Town of Westfield. 1886-87. p. 10. 
13 Westfield Times and News-Letter. April 20. 1887. p. 2. col. 5. 
14 "Report of Selectmen," in Annual Reports of the Town of Westfield. 1887-88. p. 12. 
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lower chord "cable," while the stiff web verticals equalize the loads between upper and lower 
chords and act with the web diagonals and counters to stabilize the structure under moving 
loads.15 The lenticular truss is thus related to the bowstring arch truss (such as the 1841 
patented design of Squire Whipple), but differs from the standard bowstring design in that the 
lenticular's upper and lower chords have mirror-image profiles. 

Lenticular trusses had been built in France, England and Germany as early as the 1840s. In 
the United States, patents for lenticular bridges were granted to Edwin Stanley in 1851 and to 
Horace Hervey and Robert Osborne in 1855. Considering these earlier bridges and patents, it 
is somewhat surprising that in 1878 the United States Patent Office issued a patent to William 
0. Douglas of Binghamton, New York, for "an elliptical bridge truss." It is not known where 
Douglas received the inspiration for his design, but bridge historian Victor Darnell has 
suggested that Douglas may have created it without any knowledge of precedents.16 In any 
case, it was Douglas's patent that launched a very profitable career for a small New England 
metal company. 

The Corrugated Metal Company, predecessor of the Berlin Iron Bridge Company, was a 
descendent of the Berlin, Connecticut, tinware industry that began in the 1740s. The 
manufacture of tinware in Berlin progressed to the manufacture of metalworking machinery, 
and from there to other forms of metal fabricating. In 1868 an East Berlin company by the 
name of Roys & Wilcox, manufacturers of tinner's tools and machinery, transferred part of 
their land to a separate company organized by Roys, the American Corrugated Iron Company. 
Three years later, the American Corrugated Iron Company sold the property to the Metallic 
Corrugated Shingle Company. The latter firm was reorganized in 1873 as the Corrugated 
Metal Company, manufacturers of corrugated iron building components, including iron roof 
trusses. 

In 1877 the Corrugated Metal Company was on the verge of bankruptcy when S.C. Wilcox 
became president. Under Wilcox, the company obtained the exclusive rights to William O. 
Douglas's lenticular truss patent,17 and Douglas himself became associated with the company 
as Treasurer and Executive Manager. As evidenced by the company's early advertisements, 
the first lenticular bridges were apparently rather crude structures with elliptical (instead of 
parabolic) profiles for the upper chord. Under the direction of the company's chief engineer, 
Charles M. Jarvis, however, the lenticular design was soon perfected by changing the shape of 
the chords so that the pins were placed at points forming true parabolas.18 This change- 
dramatically illustrated in the firm's advertisements-was the turning point for the company, 
and the Berlin Iron Bridge Company (the name the company took in 1883) became one of the 
most successful American bridge-building firms in the late nineteenth century. 

Company advertising in 1889 claimed that the firm had built more than 90 percent of the iron 
highway bridges constructed in New England in the past ten years. By the mid 1890s, the 
company had built more than 600 lenticular spans in the Northeast, about 50 of which have 

15 Daniel: L. Schodek. Structures (Englewood Cliffs. NJ: Prentice-Hall, Inc., 1980), pp. 168-73. 
16 Darnell, p. 19. 
17 Ibid., p. 24. 
18 Engineering News-Record. May 10, 1928, pp. 748-49. 
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survived to the present.19 However, after ten years of intensive bridge-building, the company 
began to shift its emphasis to metal-frame factory and mill buildings. In 1900, finding itself 
unable to compete with large fabricating firms outside of New England, the Berlin Iron 
Bridge Company merged with twenty-three other firms to form the American Bridge 
Company. 

The lenticular metal truss, as refined by Charles M. Jarvis from William O. Douglas's rather 
crude patented design, was significant for its economical distribution of materials, based on a 
precisely calculated set of strains and a realistic-to-generous set of loading assumptions. The 
parabolic profile of the chords (modified by Jarvis from Douglas's elliptical or hipped form) 
come close to equalizing the strains in each chord segment; the varying lengths of the vertical 
members are close to being a moment diagram for the truss; and all truss members are 
precisely proportioned to carry specific, carefully calculated stresses. The resultant lenticular 
truss design-strong, efficient in its use of materials, and visually striking-was aggressively 
marketed by a company which specialized in its construction. The efficient use of materials 
allowed the Berlin lenticular trusses to be relatively inexpensive in their heyday (the 1880s 
through early 1890s). That fact, coupled with the Corrugated Metal Company/Berlin Iron 
Bridge Company's aggressive salesmanship, allowed the companies to dominate the market 
for iron highway bridges in New England and New York in the decade following Douglas's 
1878 patent. 

However, the exacting shopwork required for the fabrication of a parabolic truss, the limited 
opportunities it allowed for standardization and mass-production, and the problems it 
presented for the provision of sufficient lateral stiffness (particularly in the longer spans) were 
competitive disadvantages. Finally, as more and more towns and cities in the late nineteenth 
century took to hiring independent consulting engineers to design their new bridges (generally 
utilizing one of the standard Pratt or Warren truss types) the opportunities for a bridge- 
building company to successfully market its own, in-house design, were markedly reduced, 
and the lenticular design disappeared from competition. 

19 Darnell, pp. 31-32. 
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Location Map. 
[USGS Blandford, Massachusetts Quad., 1984.] 
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caorti C; bat la tio farm shown ia r:c. J ibis ; 
Li rdfaised *Len di* ipan ix orK-n : ;Uca VJO j 
pal) Li BOOB, ti« upper chord, wLica r^iau tita i 
aruit of U)« lower ciionL | 

Tha dUgeoaia D an preferablyarr-in^ed in i 
poira.aiUiongn thlsU uotabaoluteiy aaaeotiai. [ 
»od-*rt oonnectttl to taa top alioni 0 br piu» | 
3, puain? Utenlly 'Jtroagtt liom iad tas | 
roord, wtiile tia lower end*axe ueld ia saddle- | 
pliiMM attlia pouiuof tieircooaectioQ wiUi [ 

tlio '.o>Tcr coont C it the (oat of the unit*. 
At Uie center of too bridge, wLere tho diag- 
nosis crow racli otlicr, bota tiieir upper ud 
lower cad* ire ftatcncu to tlio respective 
ctionirt by pins 3, ia «oowa in Figi- L ind 3; 
or '.lie tn:imsa may be, ami proforauly iro for 

! Imigiimiig.conucctctl by pin* tliroiicbout,after 
tlio "cil-kiu>s*n Jo tail a of tuo Trntt truw, aa 

( now usually employed. 
j     Tiia struu H jnd diagonala D bict tlio tniaa 
| uigetiicr, ami tnnafcr tue itmin-i lowtwd tao 
i farthest point of support from diem, whiia taa 
cuords U U crauafer tha grcntcst strain trout 
U\a lama paint U tho nenrue [>omt of support 
or ^Lintinciit, 

G :a tiio door-ginlcr to support :!ia roaiinay, 
iiav:ng '.ransverao joiat, and i-iilicr eiteniia » 
L^a nljutinenta baiow tao cnord C. is in Fie;. 1, ■ 
or above tlio ctionl B, u IQ Fig. J- ur '.lirouijli 
rtio center between tlie two cLonia IJ C. .is ia 
i;ig. +, or uoiaw tiia lower clinnl C, but itnsup- 
purged 'jy Uta abutmeuv, aa in Fi;. J. 

In rici. land3ilio port G and Sic ron*iTny 
^ro supiionetl by rods t' I", wtncli run tlirougli 
tlie ciionJa B C and HIP mnmiier Q, mil 
'.arougii or nloncsido lLo struta £, being sc- 
c ii rod by nuta at «io top of the truxa mil uc- 
:ioutli the part G. In long spnint tho Lie-rod 
F docs not run through to tlie tup chord U, 
but :a secured to tha chonl C .it each [mud- 
Joint, a* by a pia, a aadiLlc-plntc, ;hres4 n,mj 
nut. or boit-heod. 

In Fig. J the tia-roua ore-similar'-connected 
at the tap ta the part G, »nd -it :hcir lower 
ends a the chord C; but in Fi?. 1 '.heir ends 
aro ueid in tha two cbirds aod poaa through 
;ho par: G at aboot their cootcrs. 

In a andgo conatrncteU aa shown in rig. 1, 
'.be oiemberG jerrea Lo prevent the truutrom 
moving bodily enitwnae. being attached along 
the ceater thereof to the chord C ami to tha 
bndge-seaL It also acts aa part of tha ■ war- 
brace iystom . ho wo ta Fig. S, being lubject 
to &u; little tennit and compreasive stntn, 
and foronug no pare of tha supporting powar 
of tha tfosa. As A beam it camee tha Uoor- 
joist 'between the tansion-nda F,but ts lighter 
'in sectioa when tha floor-beaaia lopportiug 
looguudiral Joist rest apon it it or aear taa- 
rods T. For carryiog Jotat apoa It between 
inch rod*, it may b« re-anforwd by » T-OM, L 
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(ikovn 1a Fine. I, 2. 3, *,) or aUi«r*ia« ia- 
ITW**1 iu Terucitl diiuefar aualciaatl; W per- 
form Uie office of a beam to onr traoareraa 
jowc, .ia anown at ncbt liand of r'ij. 3. 

Ia Fie*. 1 lad 3, II II *ro ami poata wbiro 
•upport cuaUiiaacawaeQ. th*roodw»f ia atone; 
Clio bottom. Thef m*T bo diapenaeil witA 
irtiea ttio rtoor-ilne ia aloufr tue top of the truaa 
or ihroucti Uie canter, u eliomi ia Figs. 2 nad 
*. In Fif. 1 too door-liuo ii uacauaeutcd with 
tho tra^t at tits ends. 

Fir. 3 iliowi :ho different arrancenant of 
tlia 3oor-joi*t and plauWui;—(lie nclit-tinad 
aalf Inviue; tnuiiTCrsa loiat nod longitudinal 
planking, and tlie left-band baif having loa- 
ptudioiil joiet and crau ptaaiciug. Tliie d(- 
uro ii*o sanva the couiiecuona IWCWOAH tl« 
girders (1 ■'ad the titiaaee to fans * bridge. 

Tie atreiot era u ibilo*»: TUe members B, 
E. and H a» comproauTe, and tag meoibera 
C, D, And F va tcnailo, oicoptinj ia tlia lonn 
attorn la Tig. 3 for aa open jpftii. to *uica 
caae tlia coord 3 ia tcaailo and Uio cliord C 
coarproeaire, a* previously atated. The etraint 
upon :Iia girder G and "P^ar I an siighclr 
coruoreaaivs »ad tenaile aod saaaverse1. ac- 
corainziy'.ia tie joietaareplacedlougituriiji oily 
or rrsnaroneif »ita Uio truae. 

ill :ho laniiio members aar b« made of 
any uouvemeat fora—round, square, or Sac— 

■ad ail oompreeatre member* ntaat ba coo* 
icractad vttii * pro par ratio of diameter to 
the length, la onlar to pro par If reaiat com* 
preaaii-a (train. Tho traaaaa or unilga majr 
be> cooitruoLod of Iroo or *ood, or boto. 

I claim aa mj in Tea ti on— 
1. Aa elliptical bndge-traaa oonaiatiua; of 

tha cuord* 0 C, aalted ic taeir endt, "tta to* 
alruu E and diagonal* O between tiiem, aub* 
KaatiaUr u deaenbed, for to* purpoaa ipeci- 
Sad. 

2. Ia combination with tha elliptical truaa, 
cona true ted tia Jcacrtbed, the aiiapooaion or 
ceaiiun rod* F and doorgirden G, uibetaa- 
Liaily w deaenbed, for tho parpoaa apecided. 

3. Ia corabmatioo wita tao alllpUoi uuaa, 
cooatnictod 1* deMitbad, tlta lutneoaiou or 
teunoti roda F. 3oorgird*ra 0, anu eod poata 
H, lubauotiBil? o« deaenbed, for tie purpoaa 
ai>evided. 

4. ThocooibinaUooaf twoornoraeillptlcnl 
traaaca, coaatructed aa tiareto UoarrtbeU, *ltd 
tlis door^mlen and loiaU, and tUo aeceaaarj 
doona; ui farm a diroasa, deck, or awiaa; 
lindga, JubaLindollj aa deacrtbed. 

WULlAit 0. 00CGLA3. 

Witaeaaea: 
A. J. I^LOES, 
Fass. w. 3min. 
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W. 0. DOUGLAS. 
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W. 0. DOUGLAS. 
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